Abstract The aims of this study were to investigate various factors associated with protective anti-rabies antibody status (0.5 EU/ml) in vaccinated pet dogs and antirabies antibody status in unvaccinated stray dogs. One hundred and seven serum samples were collected from vaccinated pet dogs, out of these 58 (62.36 %) dogs showed antibody titre above 0.5 EU/ml. All the dogs were divided into different groups based on age, sex, breed, vaccine brand and time of vaccination after last vaccine to assess the relationship of these factors with vaccinal immune response. One way analysis of variance was performed in graphpad prism software to check the effect of all these factors. Statistical analysis of ELISA titres of pet dog serum samples suggested that age, sex, breed and vaccine brands have no significant effect on the anti-rabies antibody titres. To check anti-rabies antibody status in stray dogs 53 serum samples were collected and only one out of 53 (1.88 %) stray dogs showed anti-rabies antibody titre above 0.5 EU/ml indicating susceptibility to rabies infection and thereby posing possible threat to surrounding human and animal populations.
Introduction
Rabies is a highly neglected and under-reported zoonotic disease that is estimated to kill at least 60,000 people worldwide each year, of which, 30,000 human deaths occur in Asia alone and it is largely related to uncontrolled dog rabies in developing countries [12, 22] . The dog has been and is the main reservoir of rabies in India. An estimated 20,000 people die of rabies in India and 17.4 million exposures to animal bites are reported every year in India, which corresponds to an incidence rate of 1.7 % [21] . The majority of rabies deaths occurs from rabid dog bites in developing countries where medical resources are limited and/or a lack of awareness about the risk of rabies virus exposure exists [10] .
Majority of the dogs are stray, ownerless and unprotected with rabies vaccine, which live in and around human dwellings [15] . Blue Cross of India found that a steady decrease in human rabies cases was noticed at those places where a proper Animal Birth Control and anti-rabies vaccination programs were carried out [7] . Fatal encephalitis caused by rabies is preventable through timely administration of post-exposure vaccination and sero-therapy [20] . Vaccinating domestic dogs against rabies results in significant reduction in the incidence of bites among the human population from dogs suspected to be rabid, and this control strategy has been shown to be the most cost-effective [13] . Since the days of Pasteur, vaccination has played an important part in the protection of man against rabies. Pre-exposure immunization of both domestic animals and persons at risk is widely practised [4] . It has been estimated that vaccinating more than 70 % dogs would be sufficient to create an immunological barrier that prevents the spread of the rabies virus [17] .
The purpose of vaccinating dogs against rabies is to establish pre-exposure immunity and protect animals from contracting rabies, hereby preventing further spread to humans or other domestic animals. Mainly G protein is utilised for ideal anti-rabies vaccine preparation due to its purity and potency [5] . It is imperative to maintain specific level of anti-rabies antibody in animals to confer the effective protection and prevent virus transmission [9] . A serum titre of 0.5 IU/ml and above of rabies virus-specific antibodies is considered adequate protection against rabies. A titre below this level is considered a vaccination failure. Literature reflects very little research effort on monitoring the duration of immunity in dog populations therefore this study conducted to monitor the vaccinal anti-rabies antibodies in dogs nearby Anand region in Gujarat.
Materials and methods
Collection of serum samples for seromonitoring of anti-rabies antibody Serum samples (n = 107) were collected from pet dogs with details such as age, sex, breed and history of vaccination. Pet dog serum samples were collected from the Teaching Veterinary Clinical Complex (TVCC), College of Veterinary science and Animal Husbandry, A.A.U., Anand, Gujarat and from Veterinary Poly Clinic, Vadodara, Gujarat. Of these, 33 samples from Labrador retriever, 21 from German shepherd, 14 from non-descript breed, 10 from Pomeranian, 10 from Doberman, 6 from Rottweiler, 3 from Pug, 2 from Dalmatian, 2 from Great Dane and 1 each from Boxer, Cocker spaniel, Lhasa Apso, Dachshund, Golden Retriever and Pit bull terrier. Out of 107 pet dogs, 93 dogs were earlier vaccinated by rabies vaccines, while 14 dogs were not vaccinated.
Serum samples (n = 53) were additionally collected from stray dogs with only available information about sex from the dogs brought to Animal Birth control programme (ABC) unit, Ahmedabad, Gujarat. These dogs were not vaccinated against rabies at the time of sample collection. Thus, totally 160 serum samples were collected for seromonitoring of anti-rabies antibody.
ELISA for sero-monitoring of anti-rabies antibodies
Anti-rabies antibodies were detected by using PLATE-LIA TM 
Preparation of quantification standards for the assay
Each quantification assay using PLATELIA TM Rabies II kit includes six quantification standards from S1 to S6. The calibrated R4b Positive control (4 EU/ml) corresponds to the S6 quantification standard. Serial dilutions out of the R4b reagent allowed the preparation of S5-S1 Quantification standards ( Table 1 ). The dilutions were performed using the sample diluent (reagent R6).
Assay protocol
Negative control, positive control and quantification standards were deposited in each plate for the quantification purpose. 100 ll of diluted samples, controls and quantification standards were distributed in the corresponding microplate wells. Microplate was sealed with adhesive film and incubated at 37°C for 60 min. After first incubation adhesive film was removed. Three wash cycles were performed. Drying was done by inversion on absorbent paper before the next step. 100 ll of the conjugate solution (R7) was distributed into each well. Plates were covered with a new adhesive film and incubated for 60 min at 37°C. Enzymatic development solution (R8 ? R9) was prepared just before use. Adhesive film was removed. Five wash cycles were performed. Microplate was kept away from the direct light, 100 ll of the enzymatic development solution (R8 ? R9) was distributed into each well and incubated in darkness at room temperature (?18 to ?30°C) for 30 min. 100 ll of the stop solution (R10) was added to each well according to the same sequence and same distribution rate as for the enzymatic development solution. Bottom of the plate was thoroughly wiped. Optical density was read at 450-620 nm (Dual wavelength mode) within 30 min after stopping the reaction. To draw a standard curve, mean of OD values of the quantification standards (S1-S6) were plotted on the 'y' axis and concentrations (EU/ml) of quantification standards on the 'x' axis in graphpad prism software. Using the graph, OD values of different serum samples were converted to EU/ml.
Statistical analysis
The optical density (OD) values for all sera samples and standards (S1-S6) obtained by ELISA were corrected as per manufacturer's correction formula. OD for all the samples and standard samples were subtracted from negative control's OD and then the ratio of 'negative control subtracted' OD to positive control OD was taken as corrected OD. A standard curve was drawn in graphpad Prism software using corrected OD values for all standards (S1-S6) obtained by ELISA and their corresponding EU/ml values as provided by the manufacturer. The standard curve was fitted using 2nd order polynomial (R 2 : 0.99) in graphpad Prism software. For all sera samples, EU/ml values were extrapolated from standard curve using their corresponding corrected OD as per manufacturer's instructions (PLATELIA TM Rabies II kit, Bio-Rad, India). A general linear model was fitted with age, sex, breed, and vaccine type as fixed effects and rabies antibody titre (continuous scores) as outcome. Descriptive analysis for extrapolated EU/ml values for all sera samples obtained from standard curve was carried out using graphpad prism software. Mean, standard deviation, minimum value, maximum value, variance and standard error of EU/ml values were calculated for pet dogs' serum samples. One way analysis of variance (ANOVA) was performed to detect effect of age, breed, sex vaccine brand and period from last vaccination on the mean EU/ml values in vaccinated pet dogs.
Results
In the present study, ninety-three dog samples were analysed for the anti-rabies antibodies after the vaccination and 14 dogs were analysed for maternal antibody status. We couldn't find proper history of vaccination for each and every dog but all the vaccinated pet dogs (n = 93) had undergone pre-exposure single or multiple rabies vaccination by following either 0 day-annual booster regimen or 0-28th day-annual booster regimen. Of these, 58 (62.37 %) pet dogs showed antibody titre equal to/above the cut-off value of 0.5 EU/ml.
Persistence of anti-rabies antibodies after vaccination
The results indicated that anti-rabies antibody level were found maximum during [1 to B3 months after vaccination, which after 3 months from vaccination, was found decreased in different groups. Lower mean antibody titre of 0.8 EU/ml found during [3 to B6 months after last vaccination ( Table 2) .
Effect of various factors on antibody status in vaccinated dogs
In present study, univariable analysis of descriptive data was performed to check the association of various factors with anti-rabies antibody response in dogs vaccinated against rabies. Ninety-three samples were analyzed in this study and their p values in univariable analysis are presented in Table. Statistical analysis suggested that there was no effect of age, sex, breed and vaccine brand on antirabies antibody titre because p values for all these factors were more than 0.05 (Table 3) .
Anti-rabies antibody status in non-vaccinated pet dogs
Fourteen samples out of 107 were from unvaccinated pet dogs and were analyzed to check the presence/persistence of maternal antibodies against rabies. Out of these 14 samples, 8 samples were from the dogs below 3 months of age, 2 samples were from the dogs between 3 and 6 months of age and rest 4 samples were from dogs between 6 and 12 months of age. Two out of 14 dogs revealed the protective immune titre of 0.5 EU/ml.
Anti-rabies antibody status in stray dogs
Fifty-three stray dog serum samples were analyzed and optical density values obtained during ELISA were converted to EU/ml as described earlier (Section 3.8.1). All these dogs were not vaccinated at the time of sample collection. Of these, only one (1.88 %) stray dog (RS 47) showed protective anti-rabies antibody titre of[0.5 EU/ml.
Discussion
The aim of this study to know the anti-rabies antibody status in dog population. In pet dogs out of 93 vaccinated dogs, only 58 pet dogs showed anti-rabies antibody titre above 0.5 EU/ml. This finding indicates low level of seroconversion as remaining 35 (37.63 %) vaccinated pet dogs showed antibody titre less than the cut-off value of 0.5 EU/ ml, thereby suggesting an increased risk of exposure to rabies. It also indicates lack of consistent vaccination programme and/or possible vaccination failure in some cases. These findings were in agreement with this another study found that only 16 % of household dogs in Chandigarh had protective titre above 0.5 EU/ml. [18] . A study from Japan showed that only 27.7 % pet dogs had protective immune status [16] . These findings also did not attain the World Health Organization (WHO) prescribed 70 % epizootiological base line of herd immunity to keep canine rabies under control [1] . Maximum Mean antibody titre was found during [1 to B3 months interval after most recent vaccination while lower mean antibody titre of 0.8 EU/ml found during[3 to B6 months after last vaccination than the last two groups was surprising, which could be possibly due to unequal sample size of these groups and various other factors including possible interference of maternal antibodies with vaccinal response. Although mean antibody titre of all the five groups was above the desirable level of 0.5 EU/ml, total 35 (37.63 %) dogs (5, 2, 10, 12 and 6 in each respective groups) showed antibody levels below 0.5 EU/ ml, which demands attention in terms of their susceptibility to possible exposure to rabies. An increasing proportion of dogs failing to reach the antibody response cut-off with increasing day from vaccination to sampling [8] . This study confirms the finding of another study that dogs sampled up to 4 months after vaccination had significantly higher chance to reach the antibody response cut-off than the dogs sampled at later time-points independently of once or twice vaccination of dogs [6] . Dog breed had a significant effect on anti-rabies antibody titre. Their results showed that larger breeds failed to reach the cut-off value of anti-rabies antibody titre [8] . Dogs are primarily protected against rabies through antirabies antibodies after vaccination. However, protective efficacy of vaccines can be influenced by various associated factors viz, age, sex, breed, vaccine brand [2, 6, 8, 11] . The adjusted model with fixed effects was found to be nonsignificant with Fisher's F test probability value of p = 0.68. Age group (p = 0.29), breed group (p = 0.63), sex (p = 0.77), and vaccine type (p = 0.50) had no significant effects on the anti-rabies antibody titre. Another study also found that age, sex, breed and vaccine brand had no significant effect [19] . Other scientists showed higher risk of lower antibody titres with increasing age as well as for dogs \1 year of age compared to adults [8, 11] . The higher risk of lower antibody titres in older dogs could be due to a reduced efficiency of the immune system with increasing age. A study reported that age of the dog has a significant (p \ 0.05) effect on the anti-rabies antibody titre. It suggested that dogs vaccinated at an age\6 months or over 5 years of age had a higher failure rate than dogs between 6 months and 5 years, which is in contrast to the present study [2] .
In mammals, antibodies are transferred from dam to the offspring through the placenta and via colostrum [14] . Fourteen non-vaccinated pet dog serum samples were analyzed to check the presence/persistence of maternal antibodies in dogs. Only two out of 14 dogs aged 2.5 and 2 months showed presence of protective levels of maternal anti-rabies antibodies. Dams of both the puppies were vaccinated against rabies. Therefore, it implies that antibodies were transferred to the offspring through the colostrum or placenta. Clinical trial was conducted to check the neonatal antibodies against rabies. They collected serum samples from 12 Beagle puppies and their dams were vaccinated against rabies. Ten of these received colostrum immunity from their dams and had antibody titres above the cut-off value of 0.5 EU/ml [3] .
To check the anti-rabies antibody status in stray dogs, 53 serum samples were collected from unvaccinated stray dogs and only 1 (1.88 %) dog showed the protective immune titre above the cut off value of 0.5 EU/ml. Rest of the dogs (98.12 %), as expected, showed antibody levels less than the protective level, indicating their vulnerability for getting rabies infection and thus posing threat to surrounding human beings and animals. In agreement with this study, other scientists detected protective anti-rabies antibody titre only in one (1.0 %) stray dog out of 100 [18] . This goes very much against the WHO recommendation to ensure at least 70 % of dog population with protective antibody level so on to keep rabies under control.
The present study concluded that, all the vaccinated pet dogs did not show protective anti-rabies antibody levels, as 62.36 % of vaccinated pet dogs showed antibody levels above the cut-off value of 0.5 EU/ml. Age, sex, breed and vaccine brand did not show significant effect on anti-rabies antibody levels in vaccinated pet dogs. Persistence of antirabies antibodies was found more within 1-3 months after anti-rabies vaccination. Protective immune titre declined after 3 months of vaccination. 98.12 % stray dogs showed unprotective anti-rabies antibody levels indicating their susceptibility to rabies infection and thus posing threat to other animals and human beings for rabies infection.
